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Abstract 
The article presents fuzzy analysis of the innovation development of Azerbaijan during the period of 2011-2015. For the purpose
of in-depth analysis, weights of individual indicators that form the index of innovation development are determined by using the
intuitionistic fuzzy set. 
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1.  Introduction 
An innovation is the implementation of a new or significantly improved product (good or service), or process, a 
new marketing method, or a new organizational method in business practices, workplace organization or external 
relations1.
There are various methods of measuring innovation potential, the most known of which are Global Innovation 
Index2, innovation potential sub-index of global competitiveness index, estimated by World Economic Forum3,
Knowledge Economy Index developed by Institute of World Bank4, and also Innovation Union Scoreboard 
proposed by the European Commission5.
Since 2007, the international business schools, INSEAD (France) has calculated global innovation index to 
determine the level of innovation in certain countries of the world, which represents the most comprehensive set of 
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indicators of innovation development. Global Innovation Index2 is made up of 79 different indicators and is 
calculated as a weighted sum of the scores of two groups of indicators: 
1. Disposable resources and conditions for innovation (INP): 
x Institution - INS 
x Human Capital and Research - HC 
x Infrastructure - INF 
x Domestic market sophistication - MS 
x Business sophistication – BS 
2. Achieved practical results of realization innovation (OUT): 
x Knowledge and Technology outputs - KTO 
x Creative Outputs - CRO 
Global Innovation Index (GII) is a mean value of sub-indices of disposable resources (INT) and conditions, 
practical result achieved through realization of innovation, as well as the Innovation Efficiency Ratio (IER). As 
stated in the methodological part, aggregate index of innovation is defined as the arithmetic mean number of 
normalized indicators of sub-indices. However, it should be noted that the values of the weights are very important 
when calculating any indices, and these weights depend not only on time but also the situation existing in innovation 
activity of the country. In this paper we propose a fuzzy approach to the assessment of sub-indices weights (wi) of 
global innovation index and efficiency ratio for Azerbaijan in 2011-2015. For the study we have used information of 
the following site: [https://www.globalinnovationindex.org/content/page/GII-Home]. 
2.  Fuzzy assessment of Global Innovation Index 
In a fuzzy approach to the aggregate index of financial stability, the obtained values of sub-indices during the 
period of  2005-2015 are  classified into the following terms and corresponding fuzzy numbers:  
x low – L = (1,13,25); 
x lower than medium – LM = (24.9,37.45,50); 
x upper than medium – UM = (49.9, 62.45, 75); 
x high – H = (74.9; 87.45; 100). 
As stated in the methodological part, aggregate index of innovation is defined as the arithmetic mean number of 
normalized indicators of sub-indices. However, it should be noted that the values of the weights are very important 
when calculating any indices, and these weights depend not only on time but also the situation existing in innovation 
activity of the country. In order to determine the weights of the individual sub-indices of the aggregate index of 
innovation, we use tools of intuitionistic fuzzy set.  
Matrix of normalized indicators of sub-indices and linguistic variables for 2005-2015 is presented below in Table 
Table 1. Matrix of normalized indicators of sub-indices and linguistic variables, 2011-2015. 
2011 2012 2013 2014 2015 
In
pu
t
1. INS 35.3 LM 49.5 LM 52.7 UM 53.4 UM 56.2 UM 
2. HC 57.9 UM 30.0 LM 25.5 LM 20.9 L 21.9 L 
3. INF 22.0 L 26.2 LM 25.1 LM 32.4 LM 37.1 LM 
4. MS 44.1 LM 44.9 LM 48.4 LM 59.9 UM 52.0 UM 
5. BS 31.7 LM 33.5 LM 23.7 L 20.1 L 20.7 L 
O
ut
p
ut
1.KTO 24.4 L 20.5 L 13.7 L 19.1 L 19.1 L 
2. CRO 17.9 L 27.5 LM 32.1 LM 24.6 L 26.2 LM 
Intuitionistic fuzzy set proposed by K. Atanassov is a generalization of  L. Zadeh's fuzzy sets. Intuitionistic fuzzy 
set is defined as: 
ܣ ൌ ሼ൏ ݔǡ ߤ஺ሺݔሻǡ ߥ஺ሺݔሻ ൐ ȁݔ א ܺሽ,
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where  
ߤ஺ǣ ܺ ՜ ሾͲǡͳሿߥ஺ǣ ܺ ՜ ሾͲǡͳሿ
if
Ͳ ൑ ߤ஺ሺݔሻ ൅ ߥ஺ሺݔሻ ൑ ͳ׊ݔ א ܺ
ߤ஺ሺݔሻǡ ߥ஺ሺݔሻ א ሾͲǡͳሿ numbers imply the membership or non-membership degree of x to A respectively.
For each individual fuzzy set X, there is intuitionistic index x in A.
ߨ஺ሺݔሻ ൌ ͳ െ ߤ஺ሺݔሻ െ ߥ஺ሺݔሻ
Sub-index indicators of global innovation index of Azerbaijan in 2011-2015, corresponding to the indicators of 
intuitionistic fuzzy sets are given in the following Table 2. 
Table 2. Indicators of intuitionistic fuzzy sets. 
2011 2012 2013 2014 2015 
ߤ஺ ߥ஺ ߤ஺ ߥ஺ ߤ஺ ߥ஺ ߤ஺ ߥ஺ ߤ஺ ߥ஺
Resources and conditions for innovation 
1. INS 0.83 0.17 0.04 0.96 0.22 0.78 0.28 0.72 0.50 0.50 
2. HC 0.64 0.36 0.41 0.59 0.05 0.95 0.34 0.66 0.26 0.74 
3. INF 0.25 0.75 0.10 0.90 0.02 0.98 0.60 0.40 0.97 0.03 
4. MS 0.47 0.53 0.41 0.59 0.13 0.87 0.80 0.20 0.17 0.83 
5. BS 0.54 0.46 0.69 0.31 0.11 0.89 0.41 0.59 0.36 0.64 
Practical results of innovation 
1.KTO 0.05 0.95 0.38 0.62 0.94 0.06 0.49 0.51 0.49 0.51 
2. CRO 0.59 0.41 0.21 0.79 0.57 0.43 0.03 0.97 0.10 0.90 
In this work we use generalized entropy measure for intuitionistic fuzzy set F, composed of n elements, which 
was proposed by E.Szmidt, J.Kacprzyk, in order to define the weights of sub-indices of global innovation index 
(GII): 
ܧሺܣ௜ሻ ൌ
୫ୟ୶஼௢௨௡௧ሺ஺೔ת஺೔
೎ሻ
୫ୟ୶஼௢௨௡௧ሺ஺೔׫஺೔
೎ሻ
  ,(i=1,…,n)  
The calculation of entropy for indicators of sub-index of disposable resources and innovation conditions (Input) 
for  2011 is given below: 
ܧሺܣଵሻ ൌ
ሺ଴Ǥ଼ଷǡ଴Ǥଵ଻ǡ଴ሻתሺ଴Ǥଵ଻ǡ଴Ǥ଼ଷǡ଴ሻ
ሺ଴Ǥ଼ଷǡ଴Ǥଵ଻ǡ଴ሻ׫ሺ଴Ǥଵ଻ǡ଴Ǥ଼ଷǡ଴ሻ
ൌ ଴Ǥଵ଻
଴Ǥ଼ଷ
ൌ ͲǤʹͳ
ܧሺܣଶሻ ൌ
ሺ଴Ǥ଺ସǡ଴Ǥଷ଺ǡ଴ሻתሺ଴Ǥଷ଺ǡ଴Ǥ଺ସǡ଴ሻ
ሺ଴Ǥ଺ସǡ଴Ǥଷ଺ǡ଴ሻ׫ሺ଴Ǥଷ଺ǡ଴Ǥ଺ସǡ଴ሻ
ൌ ଴Ǥଷ଺
଴Ǥ଺ସ
ൌ ͲǤͷ͸
ܧሺܣଷሻ ൌ
ሺ଴Ǥଶହǡ଴Ǥ଻ହǡ଴ሻתሺ଴Ǥ଻ହǡ଴Ǥଶହǡ଴ሻ
ሺ଴Ǥଶହǡ଴Ǥ଻ହǡ଴ሻ׫ሺ଴Ǥ଻ହǡ଴Ǥଶହǡ଴ሻ
ൌ ଴Ǥଶହ
଴Ǥ଻ହ
ൌ ͲǤ͵͵
ܧሺܣସሻ ൌ
ሺ଴Ǥସ଻ǡ଴Ǥହଷǡ଴ሻתሺ଴Ǥହଷǡ଴Ǥସ଻ǡ଴ሻ
ሺ଴Ǥସ଻ǡ଴Ǥହଷǡ଴ሻ׫ሺ଴Ǥହଷǡ଴Ǥସ଻ǡ଴ሻ
ൌ ଴Ǥସ଻
଴Ǥହଷ
ൌ ͲǤͺͻ
ܧሺܣହሻ ൌ
ሺ଴Ǥହସǡ଴Ǥସ଺ǡ଴ሻתሺ଴Ǥସ଺ǡ଴Ǥହସǡ଴ሻ
ሺ଴Ǥହସǡ଴Ǥସ଺ǡ଴ሻ׫ሺ଴Ǥସ଺ǡ଴Ǥହସǡ଴ሻ
ൌ ଴Ǥସ଺
଴Ǥହସ
ൌ ͲǤͺͷ
Then the weights of individual indicators of Input sub-index are defined on the basis of the following formula: 
ݓ௜ ൌ
ଵିாሺ஺೔ሻ
௡ିσ ாሺ஺೔ሻ
೙
೔సభ
The weights of individual indicators of Input sub-index for 2011 are computed as follows: 
ݓଵሺʹͲͳͳሻ ൌ
ଵି଴Ǥଶଵ
ହିଶǤ଼ଷ
ൌ ଴Ǥ଻ଽ
ଶǤଵ଻
ൌ ͲǤ͵͹
ݓଶሺʹͲͳͳሻ ൌ
ଵି଴Ǥହ଺
ହିଶǤ଼ଷ
ൌ ଴Ǥସସ
ଶǤଵ଻
ൌ ͲǤʹͲ
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ݓଷሺʹͲͳͳሻ ൌ
ଵି଴Ǥଷଷ
ହିଶǤ଼ଷ
ൌ ଴Ǥ଺଻
ଶǤଵ଻
ൌ ͲǤ͵ͳ
ݓସሺʹͲͳͳሻ ൌ
ଵି଴Ǥ଼ଽ
ହିଶǤ଼ଷ
ൌ ଴Ǥଵଵ
ଶǤଵ଻
ൌ ͲǤͲͷ
ݓହሺʹͲͳͳሻ ൌ
ଵି଴Ǥ଼ହ
ହିଶǤ଼ଷ
ൌ ଴Ǥଵହ
ଶǤଵ଻
ൌ ͲǤͲ͹
Calculation of entropy for indicators of achieved practical results of innovation (Output) sub-index for 2011  is 
shown below: 
ܧሺܣଵ଴ሻ ൌ
ሺ଴Ǥ଴ହǡ଴Ǥଽହǡ଴ሻתሺ଴Ǥଽହǡ଴Ǥ଴ହǡ଴ሻ
ሺ଴Ǥ଴ହǡ଴Ǥଽହǡ଴ሻ׫ሺ଴Ǥଽହǡ଴Ǥ଴ହǡ଴ሻ
ൌ ଴Ǥ଴ହ
଴Ǥଽହ
ൌ ͲǤͲͷ
ܧሺܣଶ଴ሻ ൌ
ሺ଴Ǥହଽǡ଴Ǥସଵǡ଴ሻתሺ଴Ǥସଵǡ଴Ǥହଽǡ଴ሻ
ሺ଴Ǥହଽǡ଴Ǥସଵǡ଴ሻ׫ሺ଴Ǥସଵǡ଴Ǥହଽǡ଴ሻ
ൌ ଴Ǥସଵ
଴Ǥହଽ
ൌ ͲǤ͹Ͳ
The weights of individual indicators of Output sub-index for 2011 are calculated as: 
ݓଵ଴ሺʹͲͳͳሻ ൌ
ଵି଴Ǥ଴ହ
ଶି଴Ǥ଻ହ
ൌ ଴Ǥଽହ
ଵǤଶହ
ൌ ͲǤ͹͸
ݓଶ଴ሺʹͲͳͳሻ ൌ
ଵି଴Ǥ଻
ଶି଴Ǥ଻ହ
ൌ ଴Ǥଷ
ଵǤଶହ
ൌ ͲǤʹͶ
In the next stage the value of fuzzy sub-indices of Global Innovation Index (GII) and Innovation Efficiency Ratio 
(IER) for 2011 are defined by the help of estimated weights of Input and Output indicators: 
ܫ݊݌ݑݐ ൌ ͲǤ͵͹ሺܮܯሻ ൅ ͲǤʹሺܷܯሻ ൅ ͲǤ͵ͳሺܮሻ ൅ ͲǤͲͷሺܮܯሻ ൅ ͲǤͲ͹ሺܮܯሻ ൌ
ͲǤ͵͹ሺʹͶǤͻǡ͵͹ǤͶͷǡͷͲሻ ൅ ͲǤʹሺͶͻǤͻǡ͸ʹǤͶͷǡ͹ͷሻ ൅ ͲǤ͵ͳሺͳǡͳ͵ǡʹͷሻ ൅ ͲǤͲͷሺʹͶǤͻǡ͵͹ǤͶͷǡͷͲሻ ൅ ͲǤͲ͹ሺʹͶǤͻǡ͵͹ǤͶͷǡͷͲሻ ൌ
ሺʹʹǤͷͳǡ͵ͶǤͺ͹ǡͶ͹Ǥʹͷሻ ൌ ܮ െ ܮܯ
ܱݑݐ݌ݑݐ ൌ ͲǤ͹͸ሺܮሻ ൅ ͲǤʹͶሺܮሻ ൌ ͲǤ͹͸ሺͳǡͳ͵ǡʹͷሻ ൅ ͲǤʹͶሺͳǡͳ͵ǡʹͷሻ ൌ ሺͲǤ͹͸ǡͻǤͺͺǡͳͻሻ ൅ ሺͲǤʹͶǡ͵Ǥͳʹǡ͸ሻ ൌ
ሺͳǡͳ͵ǡʹͷሻ ൌ ܮܯ
ܩܫܫ ൌ ሺଶଶǤହଵǡଷସǤ଼଻ǡସ଻Ǥଶହሻାሺଵǡଵଷǡଶହሻ
ଶ
ൌ ሺଶଶǤହଵǡସ଻Ǥ଼଻ǡ଻ଶǤଶହሻ
ଶ
ൌ ሺͳͳǤʹ͸ǡʹ͵ǤͻͶǡ͵͸Ǥͳ͵ሻ ൌ ܮ െ ܮܯ
ܫܧܴ ൌ ሺଶଶǤହଵǡଷସǤ଼଻ǡସ଻Ǥଶହሻ
ሺଵǡଵଷǡଶହሻ
ൌ ሺͲǤͻǡʹǤ͸ͺǡͶ͹Ǥʹͷሻ ൌ ܮ െ ܮܯ
The value of sub-indices' weights, global index of financial stability, and innovation efficiency ratio for 
Azerbaijan in 2011-2015 are presented in Table 3. 
Table 3. The results of calculations of sub-indices' weights and global innovation index, 2011-2015. 
Years 
Indicators 
2011 2012 2013 2014 2015 
ݓଵ 0.37 0.32 0.16 0.25 0.01 
ݓଶ 0.20 0.1 0.22 0.99 0.23 
ݓଷ 0.31 0.3 0.22 0.13 0.33 
ݓସ 0.05 0.1 0.02 0.31 0.28 
ݓହ 0.07 0.18 0.2 0.12 0.15 
ݓଵ଴ 0.76 0.35 0.79 0.04 0.04 
ݓଶ଴ 0.24 0.65 0.21 0.96 0.96 
Input 
(21.5,34.9,47.3) 
=L-LM 
(24.9,37.5,50) 
=LM 
(24.1,36.6,49) 
=LM 
(31.5,44,56.3) 
=LM-UM 
(27.6,41,54.5) 
=LM-UM 
Output (1,13,25)=LM (16.5,28.9,41.3)= L-LM 
(6,18,30.3) 
=L-LM 
(1,13,25)=L (24.3,36.5,49)=LM 
GII 
(11.3,24,30.6) 
=L-LM 
(20.7,33.2,43.9)= L+LM 
(15,27.4,40) 
= L-LM 
(16.3,28.4,40.6) 
= L-LM 
(25.9,38.8,51.8) 
=LM-UM 
IER (1,2.7,47.3)=L-LM (0.6,1.3,3)=L (1,2,8)=L (1.3,3.4,56.3)=L-UM (1,1.2,2.2)=L 
3.  Conclusion 
As a general conclusion, the results of performed researches give us an opportunity to define the weights of sub-
indices, on the basis of which the quality and efficiency of innovation activity of country are defined and this, in 
turn, facilitates decision-makers working in this field.
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